The multipurpose medicinal plant, Ruta graveolens, used widly as a traditional treatment for many diseases. The present study was carried out on Wistar rats to evaluate the toxicity of ethanolic and aqueous extracts of R. graveolens seeds at two different doses 50 and 200 mg/kg/day orally for 4 weeks. The rats were allotted to five groups, each of six rats. One group served as control. Two groups were given aqueous extract at 50 and 200 mg/kg/day and other two groups were given methanolic extract at 50 and 200 mg/kg/day orally for 4 weeks. The mortality and weight gain, serobiochemical and hematological parameters were recorded in addition to pathological changes. Study showed that, it has a toxic effects reflected in depression on body weight and alterations in some serum parameters which accompanied with fatty changes and beginning of hemorrhage in liver and kidneys, also alterations in globulins and urea concentration in groups 3 and 5 were observed. Animals that received the lowest concentration treatment suffered no significant hematological alteration. From the current experiment we concluded that toxicity from oral administration of 200 mg/kg/day of R. graveolens seeds extracts for 4 weeks was sever as evidenced by consistent extensive damage to liver and kidney exemplified by necrosis, fatty changes, heomorrhage, congestion and depression in growth. No significant changes were observed for all the measured parameters at concentrations 50 mg/kg/day for 4 weeks administered orally. Consumption of R. graveolens seeds extract at 50 mg/kg/day was not toxic and safe for use.
INTRODUCTION
Herbal medicines derived from plant extracts are being increasingly utilized to treat a wide variety of diseases, though relatively little knowledge about their mode of action is available (Ratheesh and Halen, 2007; Patil and Patil, 2011) .
Ruta graveolens L. (Rutaceae), locally known as Sazab, is widely distributed in various geographical regions of Sudan and some parts of other Afro Asian countries (El Agraa et al., 2002) as a cultivated plant such as ornamental plant (Salvador et al., 2009; TianShung et al., 2003) and is used in traditional medicine as a remedy for a variety of disorders from cramps to hysteria, helminthoses, edema, hypertension, skin conditions and diseases of the womb (El Agraa et al., 2002; Preethi et al., 2006; El-Sherbeny et al., 2007) . It is also used as insect repellent and as antidote for toxins (Freire et al., 2010) . Antipyretic and diuretic (TianShung et al., 2003) . Antitumour activity (Preethi et al., 2006) . Antibacterial, antifungal, anti-parasitic, purgative, antioxidant, hepatoprotective, hypotensive, to improve eyesight, against epilepsy, immune stimulant and anti-inflammatory and for the treatment of the malaria and skin afflictions (De Freitas et al., 2005; Issa and Masoud, 2012) .
The chemical composition is large and varied. Phytochemical investigations have demonstrated the presence of more than 100 chemical compounds have been found in all parts of the plant, including fats, oils, flavonoids, furoquinolone, alkaloids, Glycosides, essential oils, Terpenoids, Steriods, Sterols, coumarins, Tannins, Phenols, Saponin, pyranocoumarin Cardioglycosides, Carbohydrates, Amino Acids, Protein and others. All parts of the plant contains the active principles, although they are mostly encountered in leaves (Rajeshwari et al., 2011; Khare, 2007; Inna et al., 2004; Sinshemko et al., 2000; De-Feo et al., 2002) .
There is a lack of information about the toxicity of Ruta graveolens seeds to animals. So according to what have been stated above, this study was conducted to determine possible toxic effects of the mentioned plant by investigating the effect of various oral doses of its seeds extract (ethanolic and aqueous) on the growth, biochemical, hematological and pathological characteristics of Wistar rats and subsequently to evaluate whether its ethnopharmacological uses may have possible side effects.
MATERIALS AND METHODS
Plant material: Ruta graveolens seeds (Fig. 1) were obtained from a local market in Khartoum (March, 2012) , Sudan. The plant seeds were cleaned and coarsely ground through mechanical grinder and the methanol and aqueous extracts were prepared and used in this study.
Preparation of plant extracts:
Hundred grams of the coarsely powdered seeds were weighed and subjected to extraction with 500 mL petroleum ether (60-80°C) for 2 h through Soxhlet apparatus, then, the extract was separated from solvent using rotary evaporator, the plant residues were further dried, weighted and extracted with 500 mL methanol (99.8%) for 2 h, then, the extract was separated from solvent using rotary evaporator, the plant residues were further dried, weighted and extracted with 500 mL distilled water over night at room temperature (25-30°C), filtered and further dried by freeze drier (Mudeser, 2004; Culei, 1989) .
Experimental design: Thirty male Wistar rats with average body weight ranged from 160 to 165 g were used in this study. The rats were apparently clinically healthy and housed within the premises of El-Neelain University Animals House under standard husbandry conditions and water provided ad. Libitum. Animal experiments were designed and conducted in accordance with the guidelines of Institutional Animal Ethical Committee. The rats were divided randomly to five groups, each of 6 rats. Group 1 continued to be fed the normal diet and used as control, groups 2 and 3 were given ethanol extract of seeds part of plant at 50 and 200 mg/kg/day via the oral route through cathedral tube, respectively. The rats in Groups 4 and 5 were given aqueous extract at 50 and 200 mg/kg/day via the oral route through cathedral tube, respectively. All rats were dosed their designated experimental oral doses for 4 weeks. Average, body weight and body weight gain for each group were recorded. Blood samples were collected at slaughter. At necropsy, all rats were examined to identify gross lesions and specimens of the liver, kidney, heart and intestines were immediately fixed in 10% neutral buffered formalin then stored for histopathology study. Serobiochemical parameters: Blood samples for the serobiochemical parameters were collected in heparinized containers and centrifuged immediately at 3500 rpm for 5 min, serum was separated in a new plain sample container labeled according to the study group, rat number, time and date of collection and the parameters (aspartate aminotransferase (AST), alanine aminotransferase (ALT) and alkaline phosphatase (ALP) and concentrations of total protein, albumin, globulin, bilirubin, cholesterol and urea, were analyzed by Roche diagnostic Hitachi 902 analyser (Germany, 1996) .
Pathological methods:
Necropsy was conducted to study the effects of the plant extracts on the histology of some vital organs, namely, liver, kidneys, heart, spleen and small intestines. After scarifying the rats, specimens of about 1 cmP 3 P of each organ were immediately fixed in 10% neutral buffered formalin to prevent the post mortem changes. The fixed tissues were dehydrated via transferring them into different concentration of alcohol solutions for 17.5 h in an automated tissue processor, after which the tissues were passed through a solution of xylene. Following clearance in xylene, the sections were then infiltrated and embedded in molten paraffin wax, then sections of 5 μm thickness were cut using a rotary microtome, floated onto clean slides coated with 2% formaldehyde for proper cementing of the sections to the slides and were then stained with Haematoxylin and eosin stains (H and E) (Andrew et al., 2008) .
Statistical analysis: Statistical Package for Social Science (SPSS) was used for the analysis of the data, the values of body weight and biochemical estimations were expressed as mean±standard error of mean (S.E.M.) and analyzed through hoc Duncan's simple ttest. Differences between groups were considered significant at p<0.05 levels (Snedecor and Cochran, 1989) .
RESULTS

Growth changes:
Body weight and body weight gain of rats given daily oral doses of R. graveolens seeds extracts (ethanolic and aqueous) were recorded and the value of Body weight analysis in ethanol extract at 50 and 200 mg/kg/day (Groups 2 and 3), respectively, aqueous extract at 50 and 200 mg/kg/day (Groups 4 and 5), respectively for 4 weeks are presented in Table 1 . The body weight in groups 3 and 5 were depressed compared to control, while groups 2 and 4 showed no significant changes after 4 weeks.
Groups ----------------------------------------------------------------------------------------------------------------------------------------------------
Hematological changes:
Hematological changes for rats given daily oral doses of R. graveolens seeds extracts ethanolic extract at 50 and 200 mg/kg/day (Groups 2 and 3), respectively and aqueous extract at 50 and 200 mg/kg/day (Groups 4 and 5) respectively for 4 weeks are presented in Table 2 . The hematological parameters showed no significant changes among all dosed groups except for groups 3 and 5 for WBCs, RBC and PCV parameters which showed significant decrease (p<0.05) when compared with control (G1).
Serobiochemical changes:
Serobiochemical changes for rats given daily oral doses of R graveolens seeds extracts for 4 weeks are presented in Table 3 . The value of AST activity in all groups and ALT, urea concentrations in groups 3 and 5 were significantly increased compared to control (G1). Groups 3 and 5 showed significant decrease (p<0.05) in globulin concentrations when compared to control. No significant changes occurred among all groups regarding Total protein, bilirubin and cholesterol concentrations.
DISCUSSION
Utilization of natural products as pharmacological tools could lead to a number of therapeutically active metabolites present in the plants. Ruta graveolens has been used ethanomedicinally as a therapeutic agent for a variety of diseases. But there are no available pharmacological records about the toxic effects in this plant (Rita et al., 2000; Pulok et al., 2010) .
This study was aimed to investigate the effects of methanolic and aqueous extracts of R. graveolens seeds at concentration 50 and 200 mg/kg/day for 4 weeks on haematological, serobiochemical and histopathological profile in Wistar rats and subsequently to evaluate whether its ethnopharmacological uses may have possible side effects, which is common with the use of most chemotherapeutic agents.
The body weights of the animals were found to be affected by seed extracts as they lost considerable weight in dose dependant manner when compared to the control group.
Administration of seeds extracts of R. graveolens to rats produced fatty change and necrosis in the liver attributed to the increased activity of AST, ALT and the concentration of globulin resulting from in ability of hepatocytes to synthetize albumin insufficiency or over excretion in urine in renal dysfunction. Increases in the activity of enzymes are attributed to the damage in liver. There is no change in total protein and the decrease in body weight is due to malabsorption which resulted from intestinal disquamination or damage in liver. Increase in the concentration of urea is due to inability of renal tubule to excrete waste product in renal insufficiency. The decrease in RBCs and PCV with no change in MCV or MCHC indicated normocytic normochromic anaemia in groups 3 and 5.
The susceptibility of animals fed plant materials seems dependent on the types of active principles in the plant and the rate of their metabolic conversion in the liver and their consequent excretion (Raghav et al., 2006 ., Oliva et al., 2003 Gandhi et al., 1991) .
Reported study of toxicity in 7-8 month old Nubian goats orally administrated at 5 g/kg b.w per day of R. graveolens leaves (El Agraa et al., 2002) and 10% R. graveolens in the diet to Bovans chicks when fed for 2 weeks (Nesreen and EI-Adam, 2007) . R. graveolens use might cause multi-organ toxicity (Seak and Lin, 2007) .
Leaves and their oils are toxic in large doses (over 100 mL of the oil or 120 mg of the leaf) and in this study the seeds are toxic when consumed at dose of 200 mg/kg/day and not toxic and safe for use when used at 50 mg/kg/day for 4 weeks, although Lana and Julai (2014) has reported that, lower doses of rue oil can cause gastroenteritis, salivation, swelling of the tongue, feeble slow pulse and coldness of extremities (Lana and Julai, 2014) .
The R. graveolens stimulating abrtificent, hepatotoxicity and contradicted in kidney and intestins (Khare, 2007) . Moreover, the essential oil have effect on central nervous system lead to depressant and high doses has becomes a narcotic (El-Sherbeny et al., 2007) .
From these in vivo studies, we can conclude that the prepared seeds extracts of R. graveolens in the administered doses showed an increase in AST and ALT, activities as well as some pathological changes in liver and kidney which indicate that the plant extracts have the potential to cause toxicity at dose dependant manner. But the exact chemical compound (s) responsible for these effects in the plant extracts still remains speculative, therefore more detailed studies using different doses must be conducted for the assessment of safety and lethal doses. Also we strongly recommend pregnant women to avoid consumption of R. graveolens parts for the sake of their babies and their own health.
Pathological changes: After 4 weeks of treatment with the daily oral doses of R graveolens seeds extracts, there were lesions in the liver and kidney of rats given methanolic extract at 200 mg/kg/day (Group 3) and in aqueous extract at 200 mg/kg/day (Group 5), there is fatty cytoplasmic vaculation of the centirlobular hepatocytes, cell necrosis and hemorrhage in the liver of rats 200 mg/kg/day givn aqueous extract ( Fig. 2a and  b ) and glomerular alteration, dilatation and fatty change in the kidney at dose of 200 mg/kg ethanolic extract ( Fig. 3a and b) .
